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Abstract
The product is a motorcycle luggage rack compatible with the Kawasaki Ninja 300. This
report elaborates on all aspects of the team’s work in developing this product. First, the
motivations and foundational work for this project are discussed. Then, the team’s design of the
entire product as a whole, and each of its subsystems are clearly laid out. System testing and
results are also provided, followed by a cost breakdown of the whole process. Next, patents and
engineering standards are listed as a documented justification for the team’s project. Finally, an
overall project evaluation is conducted by the team.
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1. Introduction
For the Senior Design Project, the team wanted to design a marketable product while
contributing to the interests of the local community. In the Bay Area, motorcycles are a common
mode of transportation used for commuting, daily shopping, and leisure. While motorcycles can
quickly cut through traffic thanks to legal “lane-sharing” in California, as a result luggage space
is lacking. That is what sparked the team’s interest in designing a luggage rack. Depending on its
style, cost, strength, durability, and other material properties, a new product would find a way to
benefit a wide selection of riders. Due to the target market, the team chose to create the design
for a Kawasaki Ninja 300, which is shown in Figure 1 below. As a common model in the Bay
Area, this bike has notable ease of use, low entry cost, and good power-to-weight ratio. It also
has a sleek appearance that attracts a wide market ranging from new riders to cross-country
travelers.

Figure 1: Kawasaki Ninja 300 [1] / used with permission

1.1: Literature Review
Reviewing the motorcycle market, the team was able to establish common requirements
of the design intents and drawbacks for common designs on the market. Generally, popular
luggage racks are designed to carry a wide variety of luggage (hard cases with a rigid shape or
soft bags that can flex) and accommodate different retention systems (straps, bungee cords,
ropes, etc.). Revzilla, a motorcycle retailer, lists benefits of either kind of luggage [3]. Soft
luggage tends to be cheaper, as well as more adaptable to a variety of racks. Hard luggage
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ensures better security of items, and has better protection against weather conditions [3]. A few
rack brands (Big bike Parts, Ventura, etc.), similar to the one shown in Figure 2, emphasized the
importance of a slim design shape for bungee wraparounds [1, 2]. Racks that are compatible with
multiple strap systems can carry a wider variety of luggage, but usually do so at the expense of
design complexity and increased cost. The shape of the rack also ties into the aesthetic appeal of
the motorcycle.

Figure 2: Ventura Luggage Rack System [2] / used without permission

1.2: Project Objectives
The team considered all of the listed characteristics as design goals. The product needed
to be adaptable to essentially any kind of luggage and strap system. It had to maximize durability
and load capacity, without offsetting the weight distribution necessary for a sport motorcycle. It
was also intended to only use strong yet lightweight materials, such as steel and aluminum
alloys. At the same time, it needed to minimize retail cost, while still looking impressive to
attract customers. The team reviewed the cheapest alloys that are available, and utilized CAD to
simulate metal cut-outs for a pleasing design.
Additionally, the team wanted to add a new feature that most of today’s racks do not
have: modularity and convertibility. The team wanted the rack to come with separate, attachable
components that would alter its carrying capacity. So, the team planned to design add-on
extensions of the rack platform, which can be attached to accomodate for more luggage. By
keeping the primary (and most expensive) components common, the team could potentially
expand the product to other motorcycles using smaller, cheaper adapter parts to adjust for things
like hole location and height. The team felt very motivated to design a motorcycle luggage rack
that had a unique advantage over the rest of the products on the market.
2

2. System Design
This chapter covers the conceptual design work behind creating a luggage rack for the
Ninja 300: from gathering customer feedback, to identifying specifications, to evaluating project
challenges. It examines the team’s thinking process behind the actual product.

2.1: Customer Needs
Establishing customer needs is the first priority in designing the luggage rack. The
intention being to create a product that best served those who would buy it. The team knows that
their product’s success depends almost entirely on the feedback of customers. Also, the team was
able to understand the type of performance and behavior that the product needed to entail,
through communicating with regular motorcycle customers.
Survey Feedback
The team created a survey, with which input was gathered from customers. Figures 3-8
below highlight some of the major questions, and the various responses that came about. The
questions in this survey were designed to illuminate the qualities that customers find most
important when shopping for a luggage rack. The team collected responses from a large group of
riders of varying experience.

Figure 3: Luggage Type
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Figure 4: Load Capacity

Figure 5: Retail Cost

Figure 6: Strap-Down System
4

Figure 7: Rack Modularity

Figure 8: Rack Weight
Hierarchical List
Along with evaluating the customer demands in a luggage rack, the team gathered all
these needs, and listed them by hierarchical importance, as shown in Table 1. The very important
aspects tie directly into the functionality of the product, whereas the not-so-important aspects can
be thought of as complimentary add-ons to the rack.
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Table 1: Hierarchical List of Customer Needs
Customer Need

Not so important

Mildly important

Affordable/Good
investment
Accommodates
designated loads without
failure
Sufficient bending and
shear strength
Sturdy & durable against
impact & vibration
Detachable component
Lightweight
Simple installation
Rust resistant finish
Sleek and aerodynamic
design
Aesthetic color

✅
✅

✅
✅
✅

Very important

✅
✅
✅
✅
✅

2.2: System Level Requirements
Once the customer needs were established, the team was able to create a list of design
specifications of the target product. Table 2 below is the finalized Product Design Specifications
(PDS). The focus of the project was maximizing the load capacity, while minimizing the product
weight and retail cost.
6

Table 2: PDS Table
ELEMENTS /
REQUIREMENTS

PARAMETERS
UNITS

DATUM

TARGET - RANGE

PERFORMANCE
Load Capacity

lbs.

10-40

As high as 30

Weight

lbs.

10-15

Up to 15

Retail Costs

Dollars

300

At most 200

Manufacturing Costs

Dollars

~1000

Up to 900

Luggage

Type

Hard / Soft

Hard & Soft

Strap System

Type

Bungee / Ratchet /

All types of strap down

Cinch

systems

Type

Steel / Aluminum

Steel & Aluminum

Yes / No

No

Yes

COST

FEATURES

Material Selection
Modularity

2.3: Functional Analysis
The product has one main function: to carry and secure the belongings of the motorcycle
rider. But, there are also different sub-functions that are in play to make that work. One critical
need of its functionality was its ability to mount onto the Ninja 300 bike. The design had to be
secure enough to the bike that it maintained the safety of the rider and their luggage. Second, the
design needed to be able to support the actual luggage. The product had to have both a strong
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and durable material and structure, in order to resist deflections and vibrations. A third part of its
functionality was its ability to accommodate various strap systems. In order to appeal to a larger
customer base, the product had to be as adaptable as possible. Lastly, the sub-function separating
this product from the rest of the market was its modularity and convertibility. This also tied into
its adaptability toward the rider’s preferences. Riders could choose whether or not the extra rack
plate would suit their needs.

2.4: Benchmarking Results
Table 3, on the next page, dates back to the team’s initial research of a motorcycle
luggage rack. Information was compiled of a few other racks in the market. This data was
valuable because it began the brainstorming process for the specifications and ideas of the team’s
own design. Figures 9-13 show various other racks currently on the market which helped provide
an example for possible directions to go with the design.
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Table 3: Benchmarking Table
Specification

Steel - Rack

XCR Rear

Aluminum

Luggage Rack 3P System

Top Case

Rack [5]

Top Case

[7]

Rack [4]

Rack [6]

Side Case
Racks [8]

Manufacturer

SW-MOTECH

Moose Racing

Givi Monokey

AltRider

Shad

Construction

Steel

12-gauge steel

Aluminum

4.75 mm

Steel

aluminum
Load

(Unspecified)

40 lbs

13 lbs

(Unspecified)

(Unspecified)

Top Case

SW-MOTECH

(Unspecified)

Givi Monokey

Givi Monokey

(Unspecified)

Compatibility

Givi Monokey

Number of

1 (large flat

3 (top & side

1 (compact flat

3 (top & side

2 (L-shaped

Surfaces

surface)

surfaces)

surface)

surfaces)

surface)

Appearance

Powder Coated Powder Coated Base

Base

Painted Black

(Finish)

Black

Black

Aluminum

Aluminum

Price ($US)

$65.56 -

$99.95

$126.00 -

$84.49 -

$119.99 -

262.80

452.97

295.99

Figure 11

Figure 12

Figure 13

Capacity

& Rotopax

$185.95
Figure
Number

9

Figure 9

Figure 10

Figure 9: SW-MOTECH Steel - Rack Top Case Rack [4] / used without permission

Figure 10: Moose Racing XCR Rear Rack [5] / used without permission

Figure 11: Givi Monokey Aluminum Top Case Rack [6] / used without permission
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Figure 12: AltRider Luggage Rack [7] / used without permission

Figure 13: Shad 3P System Side Case Racks [8] / used without permission

2.5: Materials Selection
Deciding which material should be chosen was a central question to the project. There
were two main metrics by which the material was chosen: strength and price. While all materials
have many different properties, those were the main two that concerned the team. These are the
two driving factors behind a customer’s purchase of a rack. However, those were not the only
two metrics that mattered by any means and more detailed criteria are explained later in this
section. The following data examines a wide range of materials to find the ideal one for this
project given the available information.
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Rack Supports
There were many requirements that must be met in order for the team to use a specific
material for the rack supports. As mentioned above, strength and price were vitally important but
other factors were important as well. For the rack supports, these factors were, the ability to be
formed into shape, and the resistance to corrosion.

Figure 14: Price vs. Tensile Strength of a wide variety of materials (GRANTA Edu-Pack)
Figure 14 displays the price in relation to the inverse of the tensile strength of all
materials that could be used to manufacture the rack. The bottom left is the ideal area of the
graph in which the team preferred to operate, because those materials were the strongest and
least expensive. Clearly the dark turquoise materials were the most desirable for the team. All of
those dark turquoise circles correspond to various cast irons and steels. These were then taken for
further analysis.
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Figure 15: Price vs. Tensile Strength of select materials types (GRANTA Edu-Pack)

Figure 15 shows the same correlation that is seen in Figure 14. With the rest of the
materials removed from the data pool for clarity, it is clear that the steels and cast irons are the
best option. However, even though cast irons are slightly cheaper (as shown above), they have
other less desirable qualities. Cast Irons are much more brittle and slightly heavier, both of which
were reason enough to rule them out for the team’s purposes. The next step was to figure out
much more specifically which steels to choose from.
Figures 16-17 examine the available steels in much more detail, for the most part, all of
these results are relatively strong and cheap, so new metrics must be used to narrow down the
selection. As a result, yield strength was brought in as a metric to analyze the final choice.
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Figure 16: Price vs. Tensile Strength of select steels (GRANTA Edu-Pack)

Figure 17: Price vs. Yield Strength of select steels (GRANTA Edu-Pack)
Immediately, one specific alloy stood out, the AISI 9255 (oil quenched & tempered at
205C) met almost all of the requirements necessary for this project. Steel could be easily worked
into the shape that the team required, through various types of manufacturing. The only
requirement that this steel lacked was resistance to corrosion, but this was easily solved by
powder coating the metal. It stood as the frontrunner choice for the rack supports subsystem.
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Rack Platform
The rack platform had similar requirements to the rack support, with a few minor
differences. It had to be strong enough to bear the weight of its luggage over its flat surface. It
also needed to be easily cut and formed in order for the rack to be made into the desired shape.
Additionally, it had to be lightweight so as not to weigh down the rider too much, and
inexpensive for the same reason as the support. Lastly, the rack needed to be resistant to
corrosion from being exposed to the elements outside.
Based on all these requirements, the list of available materials was narrowed down. The
main options that fill some or all of these requirements were metals and high grade plastics and
carbon fibers. The problem with the latter was that they are very expensive, and also tend to
shatter in a heavy collision, which would be dangerous for the rider.
As a result the team was left with steel and aluminum, because they both filled most if
not all of the requirements and were not too expensive. The team chose to go with Aluminum for
the rack platform, over steel, because it is much lighter, and looks better. It is also very cheap,
and is very easy to cut as necessary and form to shape. Aluminum is a very common choice in
motorcycle racks, and it enabled the team to check off all of the system requirements. The team
narrowed down the specific alloy to 6061 Aluminum as it boasted good corrosion resistance,
strength, price and accessibility.

2.6: Design Sketch
Several designs were drafted on paper, as seen in Appendix A. Ultimately, Figure 18
shows the team’s final iteration of their luggage rack that was taken to the testing phase. The
team anticipated a wide range of Ninja 300 riders to use their product. Riders are free to load up
both hard and soft luggages on it, provided that they use the appropriate strap system. The rack
contains a hole and slot pattern that can be used by a variety of strap systems (cinch straps,
bungee cords, ratchet ties, etc.). It would also allow for all different shapes and sizes of luggage
to be securely attached to the rear. Also, riders are capable of adjusting their load capacity with
the new modular feature. If they have to carry more belongings, they can attach the rack
extension plate, which would open up room for more luggage.
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Figure 18: Design sketch via Solidworks

2.7: Design Layout
Figures 19a and 19b below display the final CAD model, consisting of three main subsystems.
A. The Main Platform, which is the plate that overhangs the rear end of the bike
B. The Rack Supports, which are the long, angled bars located at the bottom of the design
C. The Modular Platform, which is the second rack plate that sits on top of the bike frame

Figure 19: Layout via Solidworks, (a) isometric view (b) on motorcycle
The Main Platform is the central aspect of the design. It has a relatively wide surface area
to maximize its luggage capacity. It also has a unique, aesthetic hole pattern for strapping down
luggage. The plate is mounted to the bike using a small bracket that bolts down under the
passenger seat. In order to limit its weight, these pieces were made out of aluminum.
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The Rack Supports are also a fundamental aspect. Without these bars, the entire assembly
would be structurally unstable. They are bolted down with the bike’s foot pegs, and they extrude
upward to meet the main rack. Here, pipe hangers were used to secure the bar tips to the
underside of the rack. For good strength, bars were made out of alloy steel.
The Modular Platform is an additional and unique aspect of the design. Its purpose is to
provide an extra rack to carry luggage. If the rider intends to use it, they just have to remove the
pre-existing passenger seat of the Ninja 300. This rack plate was designed to bolt down in a
similar manner as the passenger seat. In order to compensate for the slant angle of the bike
frame, the team also designed a second bracket. The bracket establishes contact between the rack
and the bolt location, while keeping the rack upright. Just like the main rack, it was also made
out of aluminum.

2.8: Team & Project Management
Challenges & Constraints
One looming challenge that the team had is a lack of motorcycle experience. In general,
nobody in the team had any background knowledge about motorcycles, nor any experience
riding them. The team had an SCU alumni, a regular motorcycle rider, to assist in this project. As
a frequent contact, he has been open to answering questions and giving feedback. He helped the
team get a better understanding of compatible luggage racks for the Ninja 300.
Another team challenge was to obtain a physical motorcycle. The Ninja 300 bike may be
cheaper than a lot of other motorcycles out there, but it still costs thousands of dollars. It was
needed to acquire exact dimensions for the CAD models, and to test fit the 3D prints. To
accelerate progress, the team decided to buy a premade 3D CAD model of the bike. It was
notably cheaper than the actual bike, and compatible with Solidworks. Thus, it became the
frontrunner to obtain precise dimensions.
The team still required access to the real motorcycle for several reasons. The CAD model
did not provide all dimensions and measurements. The team also needed the bike for test-fitting
3D prints, and testing prototypes. Instead of taking the risk of purchasing the bike, the team had
an alternative approach to this issue. The team was able to connect with a couple of Ninja 300
owners, who have been very helpful throughout the project.
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The final challenge would be staying on track. Managing a large project can always lead
to delays in some shape or form. The goal was to avoid as many of these as possible. In order to
do this, the team kept a schedule and timeline to try to stay as on top of things as possible, as
seen in Table 4, and Figure 21.
Table 4: Project Timeline
Task

18

Start Date

Finish Date

Form teams

9/21/2020

9/29/2020

Identify project

9/29/2020

10/2/2020

Project Research

10/2/2020

10/14/2020

Gather customer needs (survey)

10/5/2020

11/20/2020

PDS (report & presentation)

10/12/2020

10/22/2020

System Sketches

10/26/2020

11/6/2020

CDR (report & presentation)

11/16/2020

12/11/2020

Draft / Update CAD Models

12/8/2020

4/8/2021

Conduct & Update FEA

12/11/2020

4/12/2021

Order / Test-fit 3D-print models

1/18/2021

4/2/2021

Detailed Drawings (G D & T)

2/22/2021

5/11/2021

Establish contact w/ machine shops

3/13/2021

4/22/2021

Update PDS

4/12/2021

4/14/2021

Search for relevant patents

4/16/2021

4/21/2021

Determine Engr. Standards

4/18/2021

4/23/2021

Construct first (simplified) prototype

5/1/2021

5/10/2021

Test first prototype

5/11/2021

5/16/2021

Construct 2nd (final) prototype

5/20/2021

5/31/2021

Test final prototype

6/1/2021

6/3/2021

Finalize Thesis

5/23/2021

5/28/2021

Submit final product

6/2/2021

6/4/2021

Figure 20: Gantt Chart
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Design Criteria
The primary focus for the design was to maximize load capacity while minimizing cost.
This heavily depended on the material that the team chose to use. Particularly, the team needed to
work with something that is high in bending & shear strength, but low in retail cost. Steels and
Cast Irons are good candidates for this. Another high priority was to base the design off of
customer feedback, in terms of typical luggage capacity, selling cost, product weight, and strap
system. Also, the realm of modularity is unprecedented territory, and the team dared to explore
it. The team anticipated riders would be interested to buy a rack that can adjust and adapt on the
fly.
Safety Risks & Mitigations
Safety risks arose when the team started manufacturing the product. In the machine
shops, there were some key hazards that were made clear. The team, along with the fellow
student-machinists, did a lot of cutting and bending of metal material. The kind of power tools
are prone to causing serious finger injury. In order to reduce this, the team wore protective
goggles and gloves at all times.
There were also risks of safety during the testing process. After manufacturing a
workable prototype, the team then tested its performance. As it was mounted onto the
motorcycle, and loaded with luggage, there was a chance that the rack material could fail on
sight. If it snapped suddenly, that would have been very dangerous. If that happened while
driving the motorcycle, the vehicle could lose balance and crash. It was important for the team to
not test the rack under extreme conditions, such as high speeds or rough roads. Instead, the team
tested in a controlled & safe environment, such as a leveled parking lot and in the daylight. The
intent was to gradually add load to the rack, and drive the motorcycle slowly as well.
Team Management
A key challenge was the Covid pandemic. This forced the team to avoid meeting in
person for team meetings. This also caused delays in manufacturing as the SCU machine shop
was closed for weeks at a time. The team managed to get through it successfully. Team members
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frequently messaged each other about progress, and Zoom-called once a week at a minimum to
get work done together.
Despite all the challenges that faced the team over the course of this year, there was one
thought that continued to motivate them. The team was excited and motivated to create a unique
product: a modular motorcycle luggage rack. It is a simple product, but one that appeals to a
wide customer base, particularly in the Bay Area. The team is confident that the product would
one day be able to make a lot of money.
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3. Subsystem (Main Platform)
The following Chapter describes the team’s central components of the product, the first
being the Main Platform subsystem. CAD models, CAD drawings, materials, and manufacturing
methods are all identified.

3.1: Roles / Requirements
The first subsystem, the main rack assembly, is shown in Figure 21. It consists of the
main rack plate, and an S-bracket for mounting purposes. This subsystem is the central focus of
the design, with the purpose of carrying and securing luggage. This speaks to the importance of
its design shape and geometry.

Figure 21: Main Platform
It needed to have a satisfying and convenient pattern of holes and slots, through which
straps would wrap. Along with this, the shape of the platform has to compliment a Ninja 300.
The aesthetic appeal of the bike and rack combination is very important, as such, a focus was
placed on giving the rack plate a sleek appearance. Thus, the plate and the bracket had to be
malleable, so that holes could be cut and shaped accordingly. The material and thickness of the
rack are also important for its role in carrying luggage. These factors are crucial to the product's
strength to sustain heavy luggage loads. Nonetheless, it was still important for it to be
lightweight, in order to keep weight stability on the motorcycle.
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Figure 22: Main Rack

Figure 23: S-Bracket

3.2: Material
All of the listed needs were taken into account in the Material Selection Section, in which
material options were narrowed down. Materials that satisfy these properties are steel, aluminum,
plastics, and carbon fibers. Plastics and carbon fibers tended to be more expensive, and they
frequently shatter on impact, so that left the team to select from either steel or aluminum. In the
end, the decision was made to go for aluminum in order to minimize weight and maintain a
sleeker aesthetic quality of the subsystem. The specific alloy is 6061 Aluminum as it contains all
of the necessary properties, and is a very common alloy that is readily available in manufacturing
shops.
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3.3: Manufacturing Methods
Based on the conceptual design through Solidworks, the simplest process seemed to be
for these two components to be machined out of sheet metal. The thickness for both parts is ⅛”.
The team purchased a 6061 aluminum sheet that is already toleranced to the desired thickness,
and contacted local machine shops to help machine the material. First, sawing and profiling
processes were used to cut out the profiles of both components, to their exact detail. Then, a
combination of end / contour milling procedures were used to create the straight / curved slot
cut-outs into the profiles. Finally, the holes were created through drilling operations.
Other than that, the more complex aspect for the S-Bracket was its 90 degree bends. For
that, a process called V-bending was implemented. Here, a 90 degree die was used, and punched
down onto the sheet metal. After enough force, the metal bends parallel to the die. A basic
process of this is shown below, in Figure 24.

Figure 24: V-Bending procedure; (a) Air Bending (b) Bottoming [9] / used with permission
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4. Subsystem (Rack Supports)
This Chapter covers the Bar Supports for the Main Rack. They add stability and strength
to the overall design. The CAD drawings, materials, and manufacturing methods are also
covered in this chapter.

4.1: Roles / Requirements
Figure 25 displayed below is the second subsystem, the Bar Supports. Its purpose is to
add security and stability to the Main Platform subsystem. Thus, its design structure is important
to consider. It was necessary to design it in such a way that it would not fail under 30 lbs of
applied luggage load. This may mean having to make the bars thicker to add more strength. But
at the same time, the intention was to limit its production cost. These two issues naturally lead to
the solution that the bars would be hollow. Ultimately, it was decided that their outer diameter
would be 1 inch, and their inner diameter would be ⅞ of an inch.

Figure 25: Rack Supports
The concept for these supports came from the realization that it would be hard to truly
increase the weight capacity of a luggage rack from the traditional mounting points available. A
step back was taken, and the team took a wider look at the whole motorcycle, in order to find
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less conventional mounting points. A discovery was made that the passenger foot pegs were a
prime location for such a mechanism. As a result, these support bars were added, running up
from the passenger pegs up to the rack.

4.2: Material
In order to maximize the subsystem’s performance, the choice of material is definitely
important. An analysis was done earlier in this report, in the Material Selection section (2.5). The
two most important criteria is that the material needs to be low in cost, but very strong and
durable. This directed the team to focus on only steels and cast irons. Because cast iron was
found to be brittle, it was ruled out. This left the category of alloy steels. This broad category
was then narrowed down to one material that meets most of the requirements: AISI 9255 steel
alloy. Aside from being cheap and strong, it is also very malleable, which was key in the ability
to bend these pipes. The only trade-off from the alloy was that the alloy does not have
particularly good corrosion resistance. But, the application of a powder-coating helped to cope
with that.

4.3: Manufacturing Methods
This is the most complex part to manufacture. To create the support bars, ⅛ thick steel
pipes, (1” Outer Diameter, ⅞” Inner Diameter) had to be purchased and sent to the machine shop
to be bent. This process is known as ram bending, this requires the pipe to be placed on two
counter dies, and filled with a medium that prevents the pipe from kinking. Sand is a very
popular option to prevent kinking as a medium, and is what was used to fill the piping.
The radius block is then placed above and rammed slowly into the pipe. The support
bar’s bends all consist of 2 inch center line radius bends, the counter dies would then be set up at
the necessary angle. A basic example is shown in Figure 26 below.
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Figure 26: Pipe Bending Process [10] / used with permission
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5. Subsystem (Modular Platform)
This chapter covers the product’s third and final subsystem, the Modular Platform. This
part of the design is optional for the bike rider. The corresponding CAD models, drawings,
materials, and manufacturing methods are all specified below.

5.1: Requirements
The third subsystem mainly consists of the Modular Rack Plate that is the same width
and length as the Main Rack and is mounted at the location where the passenger seat would be.
Shown in Figure 27 below, this modular plate’s purpose is to act as an extension of the main rack
and provide extra surface area to mount larger luggage items. The cutouts and aesthetics are
similar to the Main Rack, and serve the same purpose allowing a strapping system to be tethered
through to keep the luggage secure.

Figure 27: Modular Platform
The subsystem also contains a bracket that bolts on the underside of the Modular Plate
which can be seen in Figure 29 below. It was decided to design this piece in order to compensate
for the top angled surface of the passenger seat. It keeps the Modular Plate upright which can be
seen in Figure 28 below, and is able to reach down into the mounting area of the passenger seat.
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Figure 28: Modular Rack

Figure 29: Block Bracket

5.2: Material
Since the modular rack and main rack share the same purpose, the material choice was
the same. By using 6061 aluminum, the weight can be reduced while maintaining enough
strength to carry the luggage load. Using steel to manufacture this plate would increase the
strength, but would also significantly increase the weight of the design. The modular plate also
does not experience as much stress as the main rack, therefore there is no need to increase the
strength. The aluminum main rack was load tested in Solidworks with a 115 pound static load
that didn’t come close to failure. The Modular Rack is mounted to the S-Bracket towards the rear
end of the bike, and to another bracket that bolts into the stock rear seat lock. The Block Bracket
for the Modular Rack can be seen above and is attached to the end of the plate and secured by
two bolts. Anti-vibration locking nuts are used to secure the bolts to reduce the chance of the
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nuts coming loose while riding. This bracket is manufactured from aluminum, and it is cut and
then bent into shape and has holes drilled in. 6061 aluminum was chosen because most machine
shops are very familiar with this metal, and it is their metal of preference to create brackets like
these.
The modular rack is at an angle in relation to the main rack to match the body lines of the
Ninja 300. This not only allows for more luggage, but also upholds the goal to keep the design
aesthetically pleasing while maximizing the functionality of the design.

5.3: Manufacturing Methods
This subsystem is very similar to the Main Platform subsystem. It also consists of a sheet
metal plate and a sheet metal bracket with bends, so the manufacturing process would be entirely
similar. The same 6061 aluminum sheet as mentioned before was used, and underwent sawing
and profiling to cut out both of the components. The profiling procedure was necessary in order
to include all the sleek bends of the sheet metal. The holes in both parts were drilled once more.
To cut out the straight and curved slots of the Modular Plate, contour milling was used once.
Lastly, V-bending was used again to bend the Block Bracket to its desired shape. One of its two
bends is not exactly 90 degrees. So a different angle is used in the die setup for this bracket.
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6. System Analysis and Testing
The team conducted a variety of both virtual and physical testing of the luggage rack. The
first stage was Finite Element Analysis (FEA). It is required to predict the product’s
performance. Physical, prototype testing was followed thereafter to gather raw data and
observation.

6.1: Finite Element Analysis
The FEA was a very important step forward in this project. The team theorized how
much of a load the design would hold, but it was not known with complete certainty whether it
would hold up under an actual significant weight and stress. After months of planning this would
be a crucial moment where the team could find out if any significant changes were necessary.
Running this sort of analysis on an entire assembly is not as easy as on a single piece of
material. In order to complete the FEA, the following steps had to be completed. First the various
components had to be bound together, so that they would respond to the applied force as one, in
order to do this rigid connections were created between the connection points on the bracket, and
the plate, and then between each support leg and the plate as well. Next, the design had to be
secured in place from the locations at which it would attach to the bike. In order to accomplish
this, fixtures were generated on the inside face of the bolt holes on the bracket and at the bottom
of the legs.
The target for total weight for the rack at the time of the initial FEA was 30lbs. A test
load of 115lbs (3.5 x 30) was used in order to allow for a factor of safety of 3.5 to start with. As
expected, the simulation ran and showed very little stress throughout the rack, indicating that it
could easily hold the load designated. Figures 30 and 31 show the stress, and displacement
results for the first simulation. The following graphs depict the FEA conducted earlier in the
project, on an earlier model. Static FEA was re-run with the final model, as explained on page
37.
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Figure 30: Von Mises Stress Initial Design (0.052 - 1.842x108 N/m2 scale)

Figure 31: Deformation Initial Design (0.054 - .534 mm scale)
After this successful first simulation, the team aimed to optimize the design. Since the
rack was so capable of holding the load adjusted to a factor of safety it was decided to reduce the
thickness of the main rack. This dimension was reduced from .25” to .125”, and ran through the
study once again. The results for the second study can be seen in Figures 32 and 33. Once again
the results yielded a similar outcome. The rack bore the weight with ease and did not reveal any
dangerous stresses, or extreme deformation. As a result, material thickness continued to be
reduced.
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Figure 32: Von Mises Stress Eighth Inch Rack Quarter Inch Pipe (0.041 - 1.936x108 N/m2 scale)

Figure 33: Deformation Eighth Inch Rack Quarter Inch Pipe (0.0559 - .559 mm scale)
In the next step, the rack thickness was kept at the reduced .125” and the inner diameter
of the support pipes was increased to .875” (out of 1”). Once again, after the study was run for
the third time similar results were received, which can be seen in Figures 34 and 35. The static
load was not nearly enough to cause any damage to the design. At this point, the team decided it
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would not be required to go any slimmer than .125”, and was satisfied with the results at hand.
One thing to note is that throughout all three trials, the bracket piece experienced the most stress,
indicating it would likely be the first piece to fail if any.
Overall, the FEA provided invaluable information moving forward with the project, yet
more testing was imperative. As important as this FEA is, it is worth noting that this test is static
loading. Vibration and impact testing makes a big difference, and influences the design.

`
Figure 34: Von Mises Stress Eighth Inch Rack and Pipe (0.179 - 2.075x108 N/m2 scale)

Figure 35: Deformation Eighth Inch Rack and Pipe (0.066 - .669 mm scale)
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Over the course of the year there were many different iterations of the design.
Consequently, the FEA had to be redone at every different interval. Once a final design came to
the forefront, the analysis conducted could continue further, and in more detail.
First, the static FEA analysis was redone. A load of 50 lbs was applied, the maximum
expected load, and the rack passed with flying colors. The entire design, as shown in Figure 36,
was mostly blue, with a few stress concentrations here and there, but nothing that would suggest
failure or danger. This was a very pleasing outcome as it wasnt clear if the design changes would
increase the stress in certain areas. Additionally, in this same static FEA simulation, visualization
for the factor of safety was produced as seen in Figure 37, provided in the following page. In the
graph, most of the rack was able to withstand a factor of safety of up to 10 or more, however, the
S-Bracket, the most delicate piece, maxed out at an FoS of about 2.389. Moving forward, the
team took great care with the knowledge that the s-bracket was much more fragile than the rest
of the rack. That being said, an FoS of 2.4 is not incredibly high but was good enough to proceed
at the time. If any necessary design adjustments were necessary, physical testing would
illuminate the need.

Figure 36: 50 lbs Static FEA on Final Design
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Figure 37: Factor of Safety on Final Design

A vibrational analysis of the rack was completed as well. Since the rack is attached to a
motorcycle, it was necessary to make sure that the operational frequencies of a Ninja 300 would
not coincide with the resonant frequencies of the design, and cause damage similar to that in
Figure 38. Firstly, a motorcycle suspension operates at about a 2-3Hz sway in the vertical
direction. All of the base resonant frequencies were identified and checked, as seen in Table 5,
and it was found that the first one did not occur until 126.95Hz, meaning that the suspension
vibration would not cause any problems.
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Figure 38: Base Vibrational Analysis

Table 5: Base Resonant Frequencies

Next, the vibration of the engine itself had to be taken into account, to ensure it would not
cause any problems either, similar to those seen in Figure 39. The engine operates at a high
frequency, and it was much more likely that if anything was an issue it would be caused by the
engine. However, when the analysis was completed for resonant frequencies in the neighborhood
of 7kHz (the operational frequency of the engine) none were found to have any overlap as seen
in Table 6. There were a couple resonant frequencies at about 7.25 kHz and 7.35kHz that are
worth monitoring, but the difference is big enough that it should not cause any major problems.
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In order to reduce any chances of these frequencies in the operational range, small dampers are
added to the design in between the motorcycle and the S-Bracket.

Figure 39: High Frequency Vibrations
Table 6: Resonant Frequencies near 7 kHz

Finally, the system was checked against a random vibration, equal to the total movement
of an active Ninja 300, and the results received showed very little stress throughout the entire
model. All of these results were very good for the rack, and indicated that the design would not
experience any catastrophic damage caused by vibration, as seen in Figure 40.
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Figure 40: Stress produced by the vibrational movement of the motorcycle
It is worth noting that a cyclic loading analysis was conducted several times on the
design. Every time it was attempted, an error message was returned indicating that the damage
caused by the given cyclic load was not enough to cause any sort of damage or noteworthy
stress. No figures were generated.

6.2: First Simplified Prototype
The original plan for the creation of the design was to outsource the metal work to
outside vendors. Due to COVID-19 restrictions, the team had limited access to machine shops on
the SCU campus, which left the team to reach out to other outside shops. Unfortunately, the
vendors that the team contacted falsely promised the completion of the contracted orders.
Subsequent attempts to contact these shops were then unsuccessful, and the project came to a
screeching halt, delaying progress for weeks. Thanks to the SCU Machine shop, the team was
able to get back on track and manufacture the first few pieces for a simplified first prototype.
Functional versions of the Main Rack, S-Bracket, and Bar Supports, were produced and put into
use for a fit-test, and initial application of weight. In order to make the Main Rack, DXF
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drawings were created. With the help of Professor Broome in the shop, the CNC mill was used to
cut the design to shape, as seen in Figure 41 below.

Figure 41: CNC Milling (Main Rack)
Once the Main Rack was completed, the S-Bracket was the next challenge to tackle.
Since the SCU shop did not have the machines to bend sheet metal, as the design calls for, an
alternative, and easier to machine design had to be used. In order to accomplish this, the CNC
mill was used to extrude the base plate of the S-Bracket, then cut elevated flanges out of
aluminum blocks. These pieces were then bolted together. The final, simplified S-Bracket can be
seen below in Figure 42.

Figure 42: Simplified S-Bracket
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The next step was production of the support bars for the design. These parts could not be
done through the SCU machine shop, with no other options, they were outsourced to Pipelyne
Manufacturers. This company continued to delay the order, and would not hand over a finished
product for weeks after order. Once the team was finally able to acquire the pieces previously
ordered, they were not completed with the correct centerline radius for the bends. The bars were
taken into the SCU machine shop and slight adjustments were made to bend them into an
acceptable shape with the help of Professors Broome and Sloane. The final assembly put
together can be seen below in Figure 43.

Figure 43: Main Platform & Rack Supports
The design was assembled onto the motorcycle and loaded incrementally, first with 10
pounds, then 20, then 30, then 36. The rack bore the weight without major deformation, visible
in Figure 44. This initial test was a very reassuring proof of concept for the project while the
final pieces were still being manufactured.
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Figure 44: First Fit Testing of Prototype

6.3: Prototype Testing
After the initial model creation and test, the Modular Rack and Block Bracket were
constructed. Once again, the SCU Machine Shop was able to help in the completion of this task.
At this point a full first prototype of the design had come to fruition and was ready to begin
testing. The testing was completed in two phases. First, a functional test took place, in which the
rack was attached to the Ninja 300 motorcycle, and loads of increasing size were applied and
strapped down in different ways.
Main Rack and Bar Supports Testing
Initially, testing began with only the Main Rack, to see its capabilities. The rack was first
loaded with a 20 lb bag of rice, as seen in Figure 45a and b, in order to see how it would hold up
under this load, and to see how easily one could strap down a larger piece of luggage to the
design. 1 inch by 15 foot ratchet straps were used to secure the bag tightly.
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Figure 45: Main Rack - 20 pounds, (a) Side View (b) Top View
The rack withstood this load with ease, and it was a very simple process to tie the luggage
down. The cutouts in the main rack were easily able to be used to weave the straps through as
well as secure the ends of the strap which had hooks attached. A driver then proceeded to take a
ride with this weight in order to take note of any issues. There were no noticeable vibrations, and
the load did not impair the motorcycle performance in any way. No deformation was observed.
The weight loaded on the design was then increased by 10 lbs, as shown in Figure 46a
and b. The rack withstood this load with ease, and it was a very simple process to tie the luggage
down. A driver then proceeded to take a ride with this weight in order to take note of any issues.
There were no noticeable vibrations, and the load did not cause any problems in motorcycle
handling. No deformation was observed.

Figure 46: Main Rack - 30 pounds, (a) Side View (b) Top View
The total weight was then increased by an additional 10 pounds, to a total weight of 40
lbs, as shown in Figures 47a, b, and c. The rack withstood this load with ease. A driver
proceeded to take a ride with this weight in order to take note of any issues. There were no
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noticeable vibrations, and the load began to be felt on turns but was not an issue. No deformation
was observed.

Figure 47: Main Rack - 40lbs, (a) Side View (b) Weights (c) Top View
Lastly, the total weight was increased up to the maximum goal weight of 50 lbs (Figures
48a, b, and c). The rack withstood this load with ease. A driver proceeded to take a ride with this
weight in order to take note of any issues. There were no noticeable vibrations, and the load was
felt during the ride, but would not be an issue for riders with even a little experience. No
deformation was observed. At this point, the maximum weight the main rack was designed to
carry was reached.

Figure 48: Main Rack - 50lbs, (a) Side View (b) Weights (c) Top View
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Modular Rack Testing
The main purpose of the modular rack is to provide extra carrying capacity when the
main rack gets filled up. As such, all of the modular rack tests were run with a 20 lb bag of rice
strapped to the main rack, as that would be a realistic use scenario. The modular rack was also
loaded with 20 lbs as seen in Figures 49a and 49b. The rack withstood this load with ease. A
driver proceeded to take a drive with this weight in order to take note of any issues. There were
no noticeable vibrations. There was no deformation.

Figure 49: Modular Rack 20lbs, (a) Side View (b) Top View
At this point, the load on the modular rack was increased by 10 lbs, shown in Figure 50.
The rack withstood this load without noticeable vibration or deformation. A driver proceeded to
take a drive with this weight in order to take note of any issues. None were observed.

Figure 50: Modular Rack 30 lbs
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Next, the modular rack was loaded with 40 lbs as seen in Figure 51a & 51b. The rack
withstood this load with ease. A driver proceeded to take a ride with this weight in order to take
note of any issues. There were no noticeable vibrations. There was no deformation. At this point,
the weight began to be a lot for the team to manage as beginner riders. Overall, the functional
test was a complete success, as weights were easily dealt with and posed to issue to the design.

Figure 51: Modular Rack - 40 lbs, (a) Top View (b) Side View

First Hydraulic Press Compression Test
Once the functional testing was completed, it was time to find the limits of the luggage
rack design. Using a hydraulic press, the rack was able to be compressed with much more force
than was possible to load on the actual bike. In doing so, the true weak points of the rack were
able to be discovered, and compared to the weak points previously identified in the Finite
Element Analysis. Not only was this force much greater than the luggage and weights the rack
was previously tested with, but it was distributed over a more precise area, where most of the
weight would realistically occur in use. In order to complete the compression test, a mounting
strategy had to be devised to hold the design in place within the confines of the hydraulic press.
To accomplish this, a testing rig was designed (Figure 52), which mimicked the attachment
points of the Ninja 300.
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Figure 52: Testing Rig (CAD)
Once the correct dimensions for the rig were found, and created within Solidworks, a real
life version had to be assembled. The original goal was for the rig to be made out of metal, to
ensure its extra strength, but unfortunately due to setbacks in manufacturing, this was not
possible. It was constructed out of wood. The final rig and rack connection is depicted below in
Figure 53a and b.

Figure 53: Testing Rig w/ mounted prototype, (a) Side View (b) Top View
Once the rack was securely fastened to the rig, it was placed into the hydraulic press,
using vices to secure the bottom of the rig to the base of the press. The middle of the rack was
then centered on the middle of the press plate. Spacers were inserted on the top of the Main Rack
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plate in order to ensure the force was spread out over a large area of the plate, and the press did
not get caught on any protruding fasteners. The force was then applied in small increments,
pushing the rack to its limits. As the force continued to increase, the rack began to deform
slowly. The first sign of deformation came at 125 lbs of force on the Main Rack, which can be
seen in Figures 54a and b. Using this number as the maximum total load, for a load of 50 lbs, the
rack would have a factor of safety of 2.5, which is just above what was predicted in the FEA.
The alignment of the FEA and the test Data is a great sign that the rack is every bit as strong as
predicted initially. Similarly, It was found that the initial assumption that the S-Bracket would be
the weak point of the rack held true, it experienced the most deformation. However, another
unexpected failure mode was discovered, in the form of visible deformation in the Main Rack
plate, as it began to bend around the extrusion closest to the S-Bracket. The FEA did not predict
any tangible deformation in the main rack, most likely because the load distribution in the
analysis was slightly wider, so this came as a surprise. In response to this unexpected bend, the
design for the Main Rack plate was slightly adjusted, to increase the strength in that area, which
is discussed more later. Unfortunately, the S-Bracket itself could not be adjusted, as its
dimensions are mostly dictated by the back seat cowl which requires specific dimensions for
clearance.

Figure 54a and b: Compression Testing Process 1, (a) Zoomed out (b) Zoomed in
Finally, the rack was able to withstand 250 lbs, with slight deformation. At this point, the
force was removed from the rack, as anything beyond 250 lbs would be very dangerous and most
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likely illegal to carry on the back of a motorcycle. When the weight was released, the rack
returned to its original shape and position, indicating that all the deformation experienced was
elastic, and not plastic deformation. The rack completely recovered. A good sign for the strength
of the rack, and indicating that its true factor of safety was in fact higher than 2.5. One more
compression test was then conducted with accurate measurements of deformation distance, and
comparison points to the FEA.
Second Hydraulic Press Compression Test
The first compression test was useful to validate the design and theories on where the
stress concentrations would be, but it was imperative to understand the true limits of the rack. A
second hydraulic press test was conducted, while gathering measurements of displacement of the
rack in order to compare with previous analysis. In order to conduct this test, the same process
was followed as the original test. This time however, a digital indicator connected to a mag base
was strategically placed under the rack to measure the displacement, as seen in Figure 55. This
displacement gauge had a limit of 1 inch, so every time the total displacement neared 1 inch, the
loading had to be stopped, and the gauge adjusted before loading could continue. Starting from 0,
the load on the rack was incrementally increased, with measurements taken every 5lbs to make
sure that no excess deformation took place that could in any way cause catastrophic failure, and
injure the rider.

Figure 55: Compression Testing Process 2, with Displacement Gauge
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The results of this test were very good for the design. As the load slowly increased, a
great deal of deflection was recorded, but nothing unsafe or unexpected. The load was able to
increase all the way to 500 lbs without any failure or major damage to the rack. In fact, when the
500 lbs load was removed almost all of the deflection and deformation left the rack, indicating
that it was mostly elastic deformation. That being said, the rack still certainly had some plastic
deformation, but that is expected from such a massive load. The team decided to not exceed 500
lbs as it would physically not be possible for any rider to carry this much on a motorcycle rack,
and forcibly causing failure unnecessarily could have been hazardous for those involved. While
failure was not reached, being able to bear a weight of over 500 lbs with only slight plastic
deformation indicates an FoS of over 10, much higher than previously expected. Overall, the
weight capacity of the rack greatly exceeded expectations.

Figure 56: Remaining Plastic Deformation after Compression Test 2
When the deflection of the rack at 50 lbs was measured, the total distance was found to
be 0.06 in, based on Figure 56 above. This value was significantly greater than the deflection
found in the FEA, but there are many reasons for this. Firstly, the connections in FEA are
absolute and do not budge, where as in real life, there is always some slight shifting of the
assembled design that can increase deflection, Second, it was noted that the support bars were
sliding in their brackets under the pressure of the press, and were not bearing as much weight as
they were designed to. This error is most likely the main cause of the difference in deflection,
since the bars did slide a good amount, and when dealing with such small deflection values, a
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small shift can make a tremendous difference. To fix this, a design modification has been made
which is explained in the next section. The deflection values followed a fairly linear trend, which
is computed in Figure 57 below. This linear relationship further supports the theory that the UTS
of the rack had not yet been reached, even at 500 lbs, as no large jump in deformation and drop
in strength can be seen. A tabulated form of the deformation values can be found in Appendix B.

Figure 57: Compression Test 2 Deformation Graph

6.4: Design Updates and Further Testing
Even though the rack was able to hold 500 lb, after all testing was completed, it was
evident that some design modifications were necessary and they were accomplished. The first is
the strength of the Main Rack plate. FEA predicted that the S-Bracket would be the weakest
piece, and first to yield, but in practice, the Main Rack also experienced significant bending. In
order to fix this, a small modification, in the form of a smaller extrusion hole, was made to the
extrusion pattern of the plate. As is evident in Figure 58a below, instead of having one long slot
cut-out near the bottom of the rack, it was split in half, to make two holes with a connection in
the middle. The deformation in the plate was occuring around this extrusion, and splitting the cut
into two pieces should add to the plate’s strength.
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The second design update was intended to increase the rack strength and stability. As
mentioned in the testing section, the team noted that there was some slipping occuring between
the bar supports and the rack. This connection was originally fastened using steel pipe hangers
(similar to those found in a hardware store) and while they worked, they did not hold the support
bars sufficiently. In order to remedy this issue, one final bracket was designed that could tightly
fasten the support bars to the main rack plate. The bracket, as seen in Figure 58b below, is made
up of two different pieces that bolt together around the bar supports and attach to the main rack
plate. This new piece should create a very secure connection and create a rigid relationship
between all the attachment points of the luggage rack.

Figures 58a and 5b: Updated Components, (a) Updated Main Rack (b) Pipe Bracket
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Figure 59a and b: Updated Assembly (a) Bottom View (b) Isometric View
Figure 59a and b displays the arrangement of these new components, into the original
design assembly. A bottom view of the luggage rack best captures all the components together.
The Main Rack, colored in purple, retains the same placement as before. The only difference is
the slot cut-out at the front end of the plate. The design incorporates two Pipe Brackets, as shown
in red, which is bolted into place. Each bracket has a hole diameter of 1 inch, which matches the
outer diameter of the Bar Supports. The team came up with this as a solution to improve stability
and security between the Main Rack and the Bar Supports.
In order to analyze how great of an impact these design changes had on the rack design,
more FEA was conducted on the new assembly. The results, seen below in Figure 65a and 65b,
were as expected. The small changes in critical areas of the rack greatly helped improve the
overall strength of the rack. The original design had a factor of safety of just 2.5 while loading on
50 lbs, the new stronger design provides an FoS of 4.6, for a load of 85 lbs on the rack. Scaling
this number back to the weight at which the previous design was tested, the new model would
have an FoS of 7.8 for 50 lbs. Overall, the new design changes clearly increase the strength of
the rack, and create a much safer product for the customer.
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Figure 60: Factor of Safety of New Design (a) Whole Rack (b) S-Bracket
It is worth noting that the critical points of the rack are still found in the S-Bracket. The
rest of the rack as a whole can clearly withstand a significantly greater load, as shown by its FoS
of 15 in the diagram above, but these small adjustments helped to reduce enough stress off the
S-Bracket to extend its carrying capacity.
The team has great confidence in the design, and the updates made to improve overall
quality. However, more testing could be done to assess the abilities and durability of the rack.
Unfortunately, due to extended delays in manufacturing time, (as a result of Covid-19 delays and
several communication errors on the part of outside vendors), time spent testing and ability to
test different factors was severely cut short. The team sought to conduct a cyclic loading test to
assess how the design would hold up over time, but did not have access to a machine that could
fulfill these needs or the time to develop an alternate functional method. A vibrational test, more
in depth than the rider’s observations would also be greatly helpful to validate the FEA. In
theory, it was the goal of the team to “make and break” several full metal prototypes in order to
get as much data as possible, and suggest that anyone aiming to continue this study follow suit.
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7. Costing Analysis
This Chapter summarizes the total costs of this project. This includes the cost of every
item purchased since the fall quarter to items to be purchased near the end of the spring quarter.
This project was quite simple in terms of components, and as such, it has a
straightforward budget. The budget is made up solely of the cost of the metal and the
manufacturing. The metal costs are very straightforward, as shown below, the manufacturing is
more nuanced. Earlier in the project at the suggestion of an advisor, Mark Buesa, it was chosen
to allocate $300-500 each for the two metal prototypes, which would have been manufactured at
a local machining shop in the bay area. For the very first prototype, approximately $60 was set
aside for the 3D model and materials. Only $30 was used in the end, and SCU’s makers assisted
in the creation of these models. Early estimates for overall costs came out to be roughly
$805-1205. As time went on, it was clear this was an underestimate. Given that the labor rates in
the Bay area are very high, the cost to manufacture even a simple design is exorbitant. In the end,
a fully outsourced prototype cost $1140 for one unit. Due to this high cost, and issues in the
manufacturing phase, the team was forced to find a workaround in the making of the first
prototype, as discussed in the testing section. The final cost of the whole project is laid out in
Table 7.
Table 7: Project Cost
Item

Number of Items

Cost

Kawasaki Ninja 300 CAD Model

1

$145

Initial 3D Model (P0)

4

$30

Prototype 1*(P1)

1

$300 (sheet metal and support
bars)

Prototype 2*(P2)

1

$1140 (manufacture of all
parts)
Total Cost : $1615
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As the goal of this project was to create a ready for market product, with a goal market
price of under $200, this high manufacturing cost was very concerning. While it was clear the
labor rates in the Bay Area were much higher than the average, the total cost was still
significantly higher than expected. The cost for manufacturing one part is higher than in bulk,
but it was unclear if producing this product in bulk would cause the cost to go down enough for
the design to be viable. In order to establish the cost of mass production of the design crafted
throughout this project, a quote was filed for at a local shop. The information received in this
quote, the per unit cost of each piece of the luggage rack, has been laid out in Table 8 below.
Table 8: Cost Per Unit
Component

Cost per piece

Cost per piece

for one unit

for 400 Units

S-Bracket

$250

$11.18

Main Rack

$150

$6.71

Modular Rack

$150

$6.71

Block Bracket

$190

$8.50

Bar Supports

$200

$8.95

Hardware

$10

$5

Total Cost
per Unit:
$47.05

As shown above, the cost per unit is significantly lower than the goal market price for the
product. While it would not be possible to sell the rack for as low as $47.05, this price gives
ample room for the additional costs of packaging, shipping and handling that would be incurred
in a full scale roll out of this product. Being able to offer this luggage rack, at the same price as
competitors whose products can not carry nearly as much weight, gives this project a massive
advantage.
56

8. Business Plan
The Business Plan consists of continuously growing a customer base and improving the
product. This is done while also marketing the product through social media and other
advertising methods.

8.1: Market Research
Industry
The Ninja 300 Luggage rack is entering the motorcycle industry at a great time.
Currently, though it is considered somewhat of a niche market, the industry as a whole was
valued at around $8 billion in 2016. Since then, the market has seen year over year growth. There
are many different companies that build racks, scattered around the country, but there is no
industry leader spanning across different models. The industry no doubt has taken a hit due to the
Covid-19 Pandemic and subsequent market crashes, but there remains great potential for growth.
Detailed Description of Customers
Overall, the customer base the team aims to attract is owners of motorcycles. More
specifically, owners of the Ninja 300 to start with. The Ninja 300 is an entry level motorcycle,
owned by a large population of people new to motorcycles. These people are likely to want to
carry more on their bikes than seasoned riders. More specifically, target customers are interested
in a quality product that would serve them for a long time. Target customers for this project are
willing to spend an appropriate amount of money on products that are of higher quality and
longer durability.
Company Advantages
The Ninja 300 Luggage Rack has the following advantages compared to competitors:
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·

Basic, practical designs.

·

Safe, non-toxic paints, parts, and accessories.

·

Easy-to-assemble parts.

·

All components are manufactured in America, out of high quality steel and aluminum.

·

Modularity for added carrying capacity and customization.

·

Personalized delivery, messages and orders to start out.

Regulations
There currently exists no true regulations on motorcycle luggage racks, as long as it does
not interfere with the vehicle’s license plates or lights, which this product does not. The product
is designed in compliance with the aforementioned engineering standards.

8.2 Future plans
Pricing Structure
Currently the only offering would be the flagship product for the following price:
·

Ninja 300 Luggage Rack - $225 (Subject to change)
o Current costs run at an estimated $200/unit for large scale manufacturing

Research and Development
The company is planning to conduct the following research and development:
·

Include a feedback mechanism for customers for ideas, suggestions, and

improvements
·

Continue to test an improve existing products

·

Conduct more market research into other popular motorcycle model choices, and

create new products for said models
Marketing and Sales
Growth Strategy
·

Heavily promote on social media, and other platforms

·

Enter into partnerships with motorcycle shops in the area.

·

As business grows, advertise in target markets, as much as possible, and expand

product inventory
Communicate with the Customer
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·

Providing an email newsletter with company news, product information

·

Creating a website / Providing contact information

·

Using targeted Google, Facebook and Instagram advertisements.

·

Utilizing social media (Twitter, YouTube, Facebook, LinkedIn, Pinterest and Tumblr).

·

Adding labels on products that include company name, contact info, and web address.

How to Sell
Currently, the strategy would begin with targeted social media advertisements and local
shop partnerships, as interest is garnered in the product. Customers would be allowed to
pre-order the product. At the end of a designated period of time, an order would be placed for
double the amount of pre-ordered products, to continue to sell as much as possible. At first, all
profits are going to be reinvested into the business in the development of new products and
improvement of old ones. It is likely a ground floor investor would need to be found to front the
initial costs. Another important factor in selling this design would be a good pitch on why it is
needed. Examples of this can be found in Appendices D and E, which contain various
presentations the team has already given on the subject.
Executive Summary
Product
The team’s motorcycle luggage racks are manufactured at high-quality for users of the
Kawasaki Ninja 300 model. The product is made from steel piping and aluminum sheet. The
rack is built to be long lasting with the added feature of modularity to allow for the rider to carry
significantly larger amounts of luggage in place of another person.
Customers
The target audience for this product is currently limited to riders of the Kawasaki Ninja
300, a very common entry level motorcycle. Primarily, the aim is to attract people who are tired
of smaller luggage racks with limited carrying capacity.
Future of the Company
Although there are many other luggage racks on the market in general, no other company
offers the modularity and overall strength offered by this product. There is room for a
high-quality, attractive, durable, product such as this one to enter the market. With further
development, this rack model could be adapted to all sorts of motorcycle models, greatly
expanding the customer base.
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9. Patent Disclosure
The patent disclosure Chapter covers the necessary patents for the motorcycle luggage
rack. There are various inventions that were used for the product's functionality. All of the
patents mentioned below can be found in Appendix C.

Patent Summary
In a search for relevant patents, several sub-functions for this product were encountered
in different ways. One function the rack must have is to securely mount onto the Ninja 300 bike.
It also has to accommodate a variety of strap systems for luggage. The product should
nevertheless serve the basic function of supporting varying amounts of luggage. Finally, it must
contain modular and convertible features. The intention was for each of these patents to cover
one of the listed subfunctions. Not all of them actually focus on motorcycle luggage racks,
similar kinds of inventions were also examined in order to grasp the specific subfunctions.

Patent Review
Invention: Motorcycle having Accessories mounted under a Triple Clamp [11]
This patent explores a unique motorcycle frame, which has several attachable
components, which consist of a triple-clamp, a steering fork, and an additional accessory that
mounts to the triple-clamp. With a few diagrams, the patent describes that the triple-clamp is
designated for the bottom of the bike frame. Moreover, the patent details the mounting
mechanism of these components to the actual bike frame. It actually correlates with how the
product mounts to the bike. This patent can later be used to pull new ideas, in order to improve
the mounting design strategy.
Invention: Touring Bag Support for Motorcycles [12]
This document describes a unique kind of motorcycle rack plate. The plate is a wide
panel, on which luggage and other belongings can be laid on top of. More importantly, the plate
contains hole and slot cut-outs, through which to wrap bungee cords and straps. The patent
shows a number of diagrams that display how the rack plate would appear in operation, with
varying amounts of luggage being strapped on top. Furthermore, it helps to highlight the
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sub-function that the product should be able to strap down various kinds of luggage, with an
assortment of strap systems. The product already has a pleasing and convenient pattern of hole
cut-outs. With this patent, new kinds of hole and slot cut-outs can be discovered for the design.
Invention: Support Assembly for Luggage Rack, Door Handle and the Like [13]
The patent describes a support assembly for an attachable luggage rack, and describes
ways on how it adds strength to the design. Though it is intended to attach onto automobiles, the
team can learn from it and apply similar concepts to the Ninja 300 luggage rack. This concept
shares the same purpose as the Bar Support components. It was designed in such a way that its
reaction forces and moments push up against the Main Rack plate. The load capacity of the
product is the main factor for a successful project.
Invention: Luggage Rack and Passenger Seat for a Motorcycle [14]
This product is a convertible add-on for a motorcycle that has the ability to shift between
a passenger seat and a luggage rack. Its default form is a luggage rack, but the passenger seat can
be coupled and locked on top of the rack. The schematics in the patent help to illustrate this
process. It shares similar convertible aspects with the Ninja 300 luggage rack. The only
difference is that the Modular Plate is a separate add-on for the bike, rather than being able to
instantly convert or fold into place.
Invention: Detachable Motorcycle Passenger Seat and/or Luggage Rack [15]
This invention is a motorcycle luggage rack, which can accommodate a passenger seat
cushion on top. The seat cushion requires a combination of bolts, spacers, latches, and hooks to
secure the cushion. It also shares the modular and convertible concepts in the Ninja 300 luggage
rack design. The idea is very similar to the team’s project in that the passenger seat and the rack
plate are directly interchangeable. It also requires bolts and spacers to properly align the Modular
plate on the passenger seat frame.
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10. Engineering Standards
The project would not have been possible without the use of official engineering
standards. The team decided that the following three standards best suited the tasks throughout
the project: ASME Y14.5, ANSI / ASSE Z15.1, ISO 9001.
ASME Y14.5
This standard is a guideline for G D & T, and establishes rules and requirements for
engineering drawings [16]. A standard like this is important for manufacturing any tangible
product. Following through on a product’s physical specifications is a crucial task, and helps to
build its effectiveness in the market. The standard accounts for the widespread use of CAD.
ASME Y14.5 proves to be enough for this product as its physical components are
composed of sheet metal and bar extrusions. Solidworks was frequently utilized to add updates
to the design, and produced iterations of detailed drawings and model views. Many datum
features were also implemented, which the standard accounts for. This design does not have any
complex gages or fixtures to account for, thus it did not require the use of any particularly
complex standard, ASME Y14.3. The ASME Y14.5 is all that was necessary in order to provide
a detailed layout of the product.
Our detailed drawings contain a lot of dimensions and tolerances. All of them needed
datum features in order to effectively layout each component. The Bar Support is the most
complex part, and it was necessary to apply datums on each face of its flat-end, just to get its
angle-bends correct. Other parts like the Main Rack and the Modular Plate are made of sheet
metal, and do not require as specific of datums. But, these parts came with more dimensions and
tolerances, due to their detailed cut-outs. These are all things that the ASME Y14.5 guidelines
aid in creating.
ANSI / ASSE Z15.1
This standard prioritizes the safety of workers during the manufacturing of motor vehicle
components [17]. Machinists are likely to work a lot around hazardous materials, machines, and
power tools, and are prone to injury if not handled properly. The standard ensures the protection
of these workers, and allows leeway for an assessment of safety and health goals from a certain
procedure [17]. It is the motive behind the set up of safety guidelines to be followed by workers.
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There are many similar safety standards out there, such as ANSI Z590.3 and Z539. They
focus on the safety of handling other kinds of products, unrelated to vehicles. But ANSI Z15.1
focuses exclusively on motor vehicle components, which is what the product is. The Ninja 300
Luggage Rack is a motorcycle add-on, and is used in connection with a Ninja 300 bike. This
product is unique, in terms of its materials and its features. Thus, it is not a surprise that a certain
set of safety procedures have to be followed in order to manufacture the design correctly.
When the first draft of the design on Solidworks was finished, there was little knowledge
of its structural safety and overall performance. But as the model was showcased to advisors and
machine shop owners, these guidelines gave useful input on how to improve the safety of the
design. One notable improvement was to simplify the bends in the Bar Supports. Another was to
include slot cut-outs rather than hole cut-outs, for better adjustment. The intention is to use this
kind of advice as the foundation for creating the safety guidelines for the manufacture of this
product.
ISO 9001
The main focus of this standard is the improvement of quality management within a work
environment. It is required for creating an effective and efficient process for the manufacturing
procedure [18]. The sphere of quality management consists of several smaller principles, such as
improvement, process approach, customer focus, and people engagement [18]. In these ways, the
standard can work to innovate physical as well as functional aspects of company products, and
gather a wide customer base. These are two key recipes for any successful product.
Thus, this standard would be a huge benefit for the Ninja 300 luggage rack. The number
one priority for making a consumer product is customer satisfaction. When this project first
began, the goal was to create something that would appeal to the common Bay Area community
and motorcycle community at large. The ISO 9001 has a reputation for ensuring that specified
products directly appeal to customer’s expectations of quality.
The team also highly values the greatest possible efficiency and feasibility of building
this product. It is clear that the product is quite different from any other M/C luggage rack,
especially because it has the rare modular aspect. Because of this, it was imperative to make sure
that the production process is not too far off from common procedures. The expectation is that
professionals are able to efficiently produce the product, without much complication. The ISO
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9001 standard gives the team guidance on how to simplify and speed up the manufacturing
process of this product without sacrificing quality.
Currently, no previous actions or decisions have had to be sidelined to align with this
standard. But the plan is to continue to communicate with the machine shops that are contracted
to build the rack parts. Since the shops already have a first impression of the product, the
machinists can provide some key advice on how to grow the target market, potentially after the
conclusion of this project. With its methods on growing a customer base and producing quality
products, the ISO 9001 standard is one that would define the project’s overall success.
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11. Engineering Factors & Impact
This Chapter reviews the product's impact on communities. The product has a strong
social stand, as it is sustainable, affordable, and safe.
Along the Senior Design process, several areas of impact were discovered for this
project. These are areas that concern both the local and global communities. Because a
motorcycle luggage rack is an individualized product, its combined customer feedback would
build a social impact. Additionally a product such as this also had some health and safety
concerns to be addressed. It is designed to be an individual accessory, so the well-being of the
customer was kept in mind. Next, bringing the luggage rack to fruition also requires a great deal
of effort from selected machine shops, so it demands special attention to be paid to
manufacturability and sustainability. Finally, the economic considerations of the project are also
an important area of examination.
The Ninja-300 luggage rack would certainly conjure a social impact in the community.
The power in a product like this rests in the hands of the customers themselves. It is no
large-scale creation that can affect an entire population at once. Instead, it is something that an
individual can experience for themself, and give an honest opinion from. The more feedback that
the luggage rack gets, the larger its social impact would become, and the more clear that kind of
impact would be. It is probable that collective positive feedback from this product would open up
new social circles in the Ninja-300 community. However, it is also possible that the product
receives mixed reviews, and thus degrading it as sub-par to the community’s needs. The team
was aware of these possibilities, and worked hard to achieve a positive turnout.
Health and safety measures are definitely on the forefront for a project such as this one.
When the product was conceptualized and designed, the customer was the number one priority.
The customer feedback that was received in the fall quarter gave the proper data to kickstart the
design. In CAD, the luggage rack was designed in such a way that it would not impose any
discomfort or physical risk to the rider. Looking at the bike, all of the product’s components are
positioned to be behind the rider. All of the components mount together as one unit, which helps
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to reduce deflections and vibrations. Equal weight distribution was also maintained around the
bike, to reduce risk of the rider falling over to one side.
Once the luggage rack and test rig were fully assembled, a compression test was
performed on a hydraulic press. In the final analysis, an FEA factor of safety of about 7.8 was
found When the rack was put into practice, it did not fail even under 500 lbs of load on the main
rack, which, for a base load of 50 lbs, gives a final FoS of over 10, even stronger than the
analysis. The rack can surely handle and bear great loads in a safe manner on public roads after
these tests.
Manufacturability is one other key area of impact of the design. It is an important step in
the success of the project, because each of the components have to be designed to certain
specifications. While completing analysis on the manufacturing process for the design, it was
decided to reduce the overall amount of material that was used. Originally, the design started
with ¼” thickness on all of the pieces, but the design systematically went through and reduced
the thickness of these parts in order to lessen the amount of material required. In the end, the
thickness was reduced by a factor of 2, making the pieces significantly thinner and much easier
to manufacture. This reduction of material would also significantly reduce the overall cost of
production by half as well. After this optimization, any complete machine shop would be able to
easily manufacture this design. To recap, the rack plates and brackets were made out of ⅛-inch
sheet aluminum, and the bar supports were made out of 1-inch steel tubing. The work required to
produce all these parts are relatively simple, provided the correct professionals were there to
handle each job. Right now, there are several contacts at several machine shops, ready to produce
separate components. This was a good enough strategy to produce the first few prototypes.
However, this is not foreseen as a path, especially when the product is moved to a mass
production scale level. There were some major delays with receiving the first prototype, mainly
due to poor communication. The team discussed choosing different, and fewer, machine shops. It
was decided that it would be more efficient to rely on shops that can manufacture multiple
components rather than each individual component. That would also factor into a reduced
production time. These are just a few ideas for the future, and encourages further discussion.
Ensuring the product can sustain a long life with respect to customer interaction is very
important as well. The team implemented some features that would prolong the usability of one
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of the luggage racks. Aluminum is resistant to corrosion, but not invulnerable to it, so the plan is
to apply an anodized aluminum coat over those components. Steel has even less resistance to
corrosion, so the support bars would be powder coated. The luggage rack would be exposed to
the extremities of the weather, including strong winds and hail. But more commonly, the product
is prone to impacts against other vehicles and road obstacles. It is possible that the product would
show a few signs of wear and tear after a number of years. But, the material choice is prime,
considering that steel and aluminum are both exceedingly strong and durable. The black powder
coat finish hides these signs of wear, and keeps the luggage rack looking good.
This product has the potential to stay relevant in the motorcycle market, thanks to its use
of common luggage rack material. It is found that aluminum is the third-most abundant element
in Earth’s crust, and thus is the second-most used metal in the world [19]. Aluminum is also
made out of 90% recycled material [19]. Along the same lines, steel makes up 95% of all metals
in use [20]. It is produced from iron, which is the fourth-most abundant element in Earth’s crust.
The slight issue with steel is that its production makes up 6.5% of carbon emissions in the
atmosphere [20]. This could become a concern in the long run, as the world may need to come
up with better alternatives to product steel. Despite this, the research concludes that steel and
aluminum, the two materials for the product, will continue to be available for the foreseeable
future, despite their negative effects on the environment. Since these materials are already widely
used in the world, the product only takes advantage of their existence.
An economic consideration that arose in the project was the cost of mass production, and
to minimize the cost per unit. The team’s cost breakdown of manufactured prototype components
can be found back on Table 8. Initially, each part would have cost $150 to $250 per piece, if only
one unit of each had been ordered. By ordering a quantity of 400 units, the cost was brought
down by 96% (as seen previously in Table 8), which drastically increased the projected profit
margins. The original goal price for this product was $150. Being able to manufacture the design
for only $50 is greatly beneficial to the sale. This low manufacturing cost leaves $100 over for
extra incurred costs such as packaging, shipping and handling, while still matching competitors
prices. In order to acquire the first order of units, the team would need to take out a loan with a
preferably low interest rate. In order to pay off the loan accordingly, the profit margins must be
maximized by ordering in bulk.
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Overall, the Ninja 300 luggage rack sets off a chain of effects in nearly many global
aspects. It serves as a foundation for new social interaction. The product prioritizes the health
and safety of the rider and the manufacturer. Its manufacturing processes are primed for efficient
mass production. The luggage rack is also able to sustain, both in the narrow sense (the
individual) and in the broad sense (the global community). The luggage rack definitely contains
a specific set of economic considerations, which help to generate the most component value from
the lowest prices. The team took all of these topics into consideration, as work is put in to
publish the final product.
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12. Conclusions and Discussion
Throughout the process of testing the two prototypes, the project not only met
expectations, but by bearing a weight of 500lbs, exceeded them tremendously. Through multiple
extensive tests using traditional methods, the design was tested with what tools were currently
available, namely a hydraulic press and free weights. This proved to be more difficult compared
to using proper strain gauges and measuring tools as there were no hard data points directly
indicating success, but results were made.
Despite the achievements with this signature product, there are still ways that future
engineers can improve it. One such improvement could be in the area of convertibility, meaning
that the luggage rack would be able to fold and unfold in and out of use. The actual rack plate
could be summoned by a simple extension and lock mechanism. Convertibility is a next step
forward because it reduces the need to bolt & unbolt several components of the product, as is
done with the current product.
After a project that lasted for almost 8 months, valuable lessons were learned in the
engineering field. The importance of establishing plans, and also to finalize a backup plan, and
even a backup plan for that became incredibly clear. The whole team knew that deadlines were
crucial to stay on top of, especially with turning in assignments and prioritizing work for a bigger
task. The manufacturing process was not deeply interpreted until the encounter of stressful
delays, which caused the team to push for the prototypes. In the initial timeline, the projected
times were a bit vague as to the actual timelines to machine products were unknown. Due to the
lack of communications by shops prior, the prototypes were delayed for almost a month. The
shops were a bit poor at responding, which forced in person communication and transactions
which helped get the manufacturing started. Through key adjustments, two functional prototypes
were manufactured, and had testing conducted to improve the overall design. This experience
truly brought the team awareness to the risks of not having a backup manufacturing plan. All
members took this lesson as a value into the engineering workforce.
At the conclusion of this project, multiple functional prototypes have been created for the
Ninja 300 Luggage Rack, moving forward, this is a product that is ready to be brought to market,
and would likely disrupt the motorcycle luggage rack market. The team is proud of the work
accomplished during this time of turmoil, and the lessons learned along the way.
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Appendices
Appendix A. Draft Sketches
● Subsystem 1: Main Platform

Figure 61: Flat plate with sleek outlook, Concept Sketch

Figure 62: Flat plate with angled down sides, Concept Sketch

72

● Subsystem 2: Rack Supports

Figure 63: Top-mounted Rack, Concept Sketch

Figure 64: Side-mounted Rack, Concept Sketch
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Appendix B. Deformation Data
Table 7: Deformation Data
Load (lbs)
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Deformation (in) Load (lbs) Deformation (in) Load (lbs) Deformation (in)

50

0.06

190

1.05

370

1.558

55

0.11

195

1.06

375

1.568

60

0.187

202

1.1

380

1.583

65

0.22

209

1.13

385

1.599

70

0.33

220

1.15

390

1.618

75

0.38

225

1.18

395

1.633

80

0.41

240

1.21

400

1.643

85

0.45

250

1.24

405

1.651

91

0.49

255

1.26

410

1.662

95

0.53

260

1.27

412

1.678

102

0.56

270

1.3

417

1.688

106

0.58

275

1.32

420

1.693

110

0.6

280

1.34

425

1.708

115

0.61

285

1.36

430

1.723

120

0.62

292

1.38

435

1.74

125

0.65

300

1.408

440

1.753

130

0.68

310

1.419

445

1.767

135

0.71

315

1.428

450

1.781

140

0.74

320

1.438

455

1.818

145

0.785

325

1.443

460

1.838

150

0.82

330

1.457

465

1.878

155

0.85

335

1.465

470

1.908

160

0.865

340

1.488

475

1.941

165

0.9

345

1.4925

480

1.968

170

0.93

350

1.503

485

1.988

177

0.96

355

1.518

490

2.038

180

0.98

360

1.531

495

2.058

185

1.01

365

1.548

500

2.082

Appendix C. Important Patents
Patent Number: 6176339
Invention: Motorcycle having Accessories mounted under a Triple Clamp
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Patent Number: 6299042
Invention: Touring Bag Support for Motorcycles
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Patent Number: 5046652
Invention: Support Assembly for Luggage Rack, Door Handle and the Like

77

Patent Number: 8225972
Invention: Luggage Rack and Passenger Seat for a Motorcycle
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Patent Number: 5558260
Invention: Detachable Motorcycle Passenger Seat and/or Luggage Rack
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Appendix D. CAD Drawings (ASME Y14.5)
Figures 65 and 66 below show the CAD drawings of both components of this subsystem.
The team applied their knowledge of G D & T in order to specify the design details for the
manufacturers. All of the CAD drawings of the design follow the ASME Y14.5 standard. Tighter
tolerances were assigned for the mounting holes that linked components together, and looser
tolerances were given to the strap slot cut-outs and general profile shapes.
Figure 67 is a CAD drawing of one of the Bar Supports. Again, it follows the ASME
Y14.5 standard. The side profile of the component is displayed here. It has tight tolerances on the
slot holes towards the bottom, since that is where it would mount onto the bike.
Figure 68 and 69 detail the CAD drawings of each component of the Modular Platform.
The team treated these similar to that of the Main Platform, with tighter tolerances on the bolt
holes, and looser ones on the profile shape of each part. Once more, the standard used here is
ASME Y14.5.
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Figure 65: Main Rack CAD Drawing
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Figure 66: S-Bracket CAD Drawing
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Figure 67: Rack Support CAD Drawing
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Figure 68: Modular Rack CAD Drawing
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Figure 69: Block Bracket CAD Drawing
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Appendix E. Conceptual Design Review (CDR) Presentation Slides
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Appendix F. Senior Design Conference (SDC) Presentation Slides
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